In 26 normal subjects, the amount excreted varied from 28 % to 72 % as compared with 5 % to 26% in 19 cases of thyrotoxicosis. In 4 cases of myxcedema the values were within the normal range. A more satisfactory separation was obtained by subdividing the twenty-fourhour period of collection. The excretion of Il3 in the first six hours following the tracer dose is not markedly different in the three groups, but the subsequent period from six to twenty-four hours shows an obvious difference. In this period the excretion in normals varied from 10% to 25 % while the highest amount excreted by the mildest case of thyrotoxicosis was 4 5 %, the average case excreting under 2 %. The difference is not so marked in myxcedema, the values lying between 26% to 33 %.
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On further analysis it was found that, in general, the summed excretion plotted against time approximated to an exponential form, and'a mean exponential could be drawn through the actual values. This confirmed Keating's. findings, and his method of calculating an index of thyroid iodine collection was then employed.
The thyroid rates in the groups already discussed were as follows. Normal: 0 055 to 0-10. Thyrotoxicosis: 0-28 to 1 18. Myxcedema: 0'005 to 0 04. The more severe the thyrotoxicosis the higher was the thyroid rate, and the rate for the mildest case was over three times the mean normal. Thus the six to twenty-four-hour bulk excretion proved an adequate diagnostic aid, while the thyroid rate gave a more exact picture of the degree of thyroid dysfunction. Investigations were also done in a group of 7 patients in whom clinical observation (including B.M.R.) led to a diagnosis of mild hyperthyroidism insufficient to justify antithyroid therapy. Both the six to twenty-four-hour excretion and thyroid rate in this group fell between the limits of normal and thyrotoxicosis. It seems that such cases represent an intermediate grade of thyroid over-activity, between normal and clinical thyrotoxicosis.
The two most important possibilities of error in assessing thyroid function from urinary excretion of 1131 are failure of renal function, and previous administration of iodine. Four patients with renal failure showed a diminished excretion of the tracer dose (12% to 26% in twenty-four hours) which might give rise to an erroneous impression of thyrotoxicosis. The thyroid rate in these cases was normal, demonstrating that Keating's analysis gives a reasonable correction for changes in renal function. Administration of iodine increases the excretion of 1131. In one case of thyrotoxicosis, treated with iodide for three weeks, excretion values were normal although signs of thyrotoxicosis were still manifest. Clearly, it is important to be sure that no iodine has been given in any form prior to a diagnostic test with 18l and the amount of carrier iodine given with the tracer dose must be kept very low. In this series there was no control of dietary iodine, and it may well be that the variation in excretion of radio-active iodine among normal subjects is partially explained by differences in previous iodine intake. It is noticeable that the average twenty-four-hour excretion for each group in this series is less than that reported for similar groups studied in U.S.A. Again, differences in dietary iodine may explain the discrepancy.
Bearing in mind the limitations of the method, and the fact that it is not a direct measurement of thyroid iodine uptake, the urinary excretion of a dose of 1131 is a simple and useful diagnostic aid in determining thyroid activity. Bulk samples from six to twenty-four hours after the dose give a clear-cut separation between the normal and the thyrotoxic patient, while Keating's more involved calculations produce a closer assessment of the degree of hyperfunction. In myxcedema this calculation is of diagnostic use but requires further study, with collection of urine over a forty-eight-hour period. REFERENCE KEATING, F. R., et al. (1947 ) J. clin. Invest., 26, 1138 Clinical Use of Radio-active Iodine By RUSSELL FRASER, M.D., F.R.C.P.
MUCH has already been published to indicate the potential usefulness of 111' for radiotherapy either of thyroid cancer or of hyperthyroidism. As might be expected, the immature malignant thyroid cell often (60-90%) does not take up iodine. But the great usefulness of radioactive iodine in those cancers which do, can be readily imagined; and some success has even been achieved in stimulating malignant-secondaries which did not originally take up iodine to do so. The use of radio-active iodine, or of other forms of radiation, in the treatment of thyrotoxicosis has, however, little to commend it except in the rare cases for whom other treatments are not practicable or have repeatedly failed. For these cases it probably has much to commeid it. But we have had experience mostly with the possible diagnostic use of radio-active iodine.
There are two potential diagnostic uses for IP3: (a) the recognition of thyroid underor over-activity, and (b) the recognition of iodine uptake by tumours to indicate either their nature or their treatability by radio-active iodine. In such tests the radiation hazard must be borne in mind because the long-term carcinogenic risks are not yet fully known. The thyroid receives by far the most intensive radiation in such a test and only here need the dosage of 131 be even considered as a hazard. The dosage which we have used in the diagnostic test, 10 ,usc. of p131, may be estimated to deliver to a normal thyroid about 30 r; this is about equivalent to the skin radiation in a barium meal. But 100 ,ac. delivering ten times this dose has been used by several workers in such a test; and we feel that this intensity of radiation should not be used on younger patients without some special diagnostic indications.
The fully developed and typical pictures of thyroid over-activity and under-activity are readily recognized by any experienced clinician; but not so the lesser degrees of abnormality. Thyrotoxicosis may often be indistinguishable from other diseases, such as, particularly, a neurosis or a primarily cardiac arrhythmia or failure; and various vague states of ill-health may raise the suspicion of hypothyroidism. Some useful screening tests have been developed in response to this need; notably the estimation of the B.M.R., the estimation of blood cholesterol for suspected myxcedema, and the observation of the response to iodides, thiouracil or to thyroid extract. But they are unreliable in the demonstration of thyroid dysfunction which is not severe enough to be obvious without their aid. It has, of course, long been hoped that measurement of iodine metabolism might supply the required test; but without radioactive iodine the limiting factor has been the minute traces of iodine concerned. Many American publications since before the war have made clear that radio-active iodine can be used in patients to assess thyroid function. As we have used only urinary measurements and these seem to have a potential practical application already, the following remarks will be concerned with this urinary test. As mentioned, this method requires only 10 ,uc. 1131-a clearly safe dose; its accuracy is that of the urinary collection. among a group of normals for forty-eight hours after administering the dose; each point shows the percentage of the administered dose excreted per hour at the plotted time. It will be seen that there is a definable range of normal distinguishable from that of a group of typical thyrotoxic patients and also from three typical hypothyroid patients. From the above it is evident that the thyrotoxic rate is most different from the normal at 8-12 hotirs and the myxcedema rate most different at 24-48 hours. Thus it would appear that a sensitive simple indirect index of thyroid function would be obtainable from measuring U x uA 0. the radio-activity in four pooled samples: 0-8 hours, 8-12, 12-24 and 24-48 hours. The adequacy of the urinary collection can be checked by concurrent creatinine estimations and also by assessing the uniformity of the excretion trend in the four samples. With this simplified test we have found complete and reliable separation from our normal group of all the typical cases of thyrotoxicosis and myxoedema; the mean excretion at 8-12 hours of the thyrotoxic group is one-tenth of the normal, and that of the three myxcedema cases at 24-48 hours five times the normal. This may be compared in sensitivity with the B.M.R. an average B.M.R. of 1,000 % for a group of typical thyrotoxic cases and of -80 % for a group of typical hypothyroids. Keating has suggested an analysis of the curve obtained by plotting the accumulation of J131 in the urine which gives a figure for thyroid activity. Unfortunately. this cannot be done simply without introducing considerable error and we have found that it adds no clinical advantage to the above procedure.
THYPOTOXICOSIS
Other publications are all agreed that radio-active iodine can be used to distinguish typical thyrotoxicosis or myxcedema from the normal, but it is still unclear whether it is useful in diagnosing the doubtful case. 2 ). Values outside this normal range are therefore unlikely to occur from the range of diet variation likely to be encountered in the London area, or from moderate variation in age or muscular activity. We are at present investigating the extent to which excretion abnormalities may be encountered in the presence of cedema, and cardiac or renal defect. We have at present indications that renal defects unassociated with ur&mia and quite extensive nephrotic oedema or cardiac failure do not usually give results outside the normal range. CEdema in the process of being discharged will probably influence the result; but such cases need only be studied in a steady state. No abnormal results have yet been encountered without evidence of thyroid disease, when cases of renal failure with uramia are excluded. But further evidence is being collected, and this is only a preliminary indication. The effect of pregnancy has not yet been assessed.
(b) Thyroid enlargement without clinical evidence of dysfunction-i.e. carcinoma and clinically non-toxic goitre.
In the majority of such cases which we have tested, normal results have been found; three cases of malignant thyroid have been tested, including one secondary involvement of the thyroid by hypernephroma, and five cases of clinically non-toxic goitre. We have tested one case of acute thyroiditis and obtained a result typical of hypothyroidism; a result which was probably a correct assessment of the activity of the patient's thyroid cells, though there was no evidence of lack of circulating hormone. The signs of thyroiditis have now completely subsided and a retest is planned. No cases of chronic thyroiditis have been tested. Only two abnormal test results were found from cases who appeared clinically to be non-toxic thyroid adenomas; the test results suggested thyrotoxicosis and deserve close scrutiny. The abnormal findings in the first case may have been due to a real mild thyrotoxicosis; or, they may have been due to her being pregnant-we are not familiar with the range of values to be encountered in pregnancy'. An abnormally avid uptake by one patient at the same stage of pregnancy is reported by Chapman et al. (1948) Only the forty-eight-hour and the eight-to-twelve-hour urinary excretions are shown, the normal range being indicated for comparison; dots indicate B.M.R. of cases so tested (Oral dose: 10 y KI + 10 JAC. F131.) on her clinical state. The second case more definitely suggests that an enlarging thyroid may be abnormally avid for iodine. It may of course be questioned whether this does not herald thyrotoxicosis. Thus we feel that none of these cases invalidates the usefulness of this test; rather they suggest that it may demonstrate thyroid overactivity too slight to be recognizable by other means.
(c) Syndromes suggesting probable andpossible hyperthyroidism.-A series of cases in which this diagnosis was suggested but not obvious has been studied according to the following plan. On examination, each case is placed into one of four preliminary categories:
(1) probable thyrotoxicosis, (2) possible thyrotoxicosis, (3) purely ophthalmic Graves' disease, and (4) probably normal thyroid function. Further examination has usually included (where possible) B.M.R., oral galactose tolerance test and a subsequent therapeutic trial with thiouracil or means appropriate to other disease. Final diagnosis is then made independently of the iodine test, as either confirmed thyrotoxicosis, probable thyrotoxicosis, 'Our subsequent observations on pregnant women suggest that pregnancy alone could not explain the low value in this case.
ophthalmic Graves' disease, and definite other disease. The presence or absence of thyroid enlargement was noted independently. The results of this test on 38 such cases of suspected thyrotoxicosis are shown .in two charts. Fig. 3 fig. 3 . (Oral dose: 10 y KI + 10 jUC. I181.) thyrotoxic gave obviously abnormal results. It will be seen in fig. 3 that there is a trend towards less abnormal iodine excretion as the diagnostic grouping becomes less certain, i.e. probably as the degree of hyperthyroidism lessens. The B.M.R. shows a similar trend.
SUMMARY
Urinary excretion of 11l has been measured in a series of cases where thyrotoxicosis was suspected clinically. The final diagnosis ascertained from the therapeutic response corresponded to the 1131 test result in all cases in the absence of obvious renal disease with only two exceptions. These were two instances of non-toxic thyroid enlargement giving results which mimic hypothyroidism and should not be a serious limitation to the test. Dr. H. Miller: Our investigations in Sheffield have been along similar lines to those described by Dr. Pochin. Table I sets out results for both thyroid uptake and urine excretion of radio-active iodine for a group of normal and toxic cases. For comparison, published figures for a group of patients in New York are also shown (Werner, et al., 1948) . We have here tabulated the uptake of the tracer-iodine in the gland twenty-four hours after ingestion, in order to make comparison with the New York group. We do not consider this figure in itself very reliable for diagnosis. It is to be noted that there is a fairly wide range of values obtained both for the amount of activity in the thyroid and for the amount excreted. There is also some overlapping of values for the normal and toxic groups. Figures at twenty-four hours are not apparently sufficiently reliable guides for diagnosis. There appears to be an appreciably greater uptake in normal patients in Sheffield than in those of 18 39 the New York group, and a correspondingly lower excretion rate. We believe this to be a significant observation and it may be connected with the fact that in Sheffield patients are drawn from a known iodine-starved region. Fig. I shows two typical curves of total blood activity for a normal and a toxic case. A technique of counting 0 5 c.c. samples of whole blood has been used for these curves. The curves for toxic and normal patients differ markedly. In the toxic case an extremely rapid reduction of blood activity corresponding to a high clearance rate into the thyroid, is followed by a rise in activity to a TOTAL BLOOD ACTIVITY flat peak of between 0 6 and2 ' of the ingested dose per litre of blood. The minimum activity occurs at four to six hours after ingestion. The magnitude of the subsidiary peak in toxic cases is related to the rate at which the thyroid secretes the active iodine into the blood-stream, this rate being determined by observing the biological half-life of the active iodine in the gland. In the cases with no known thyroid disease there is a steady fall in blood activity after about one hour, the activity falling to one-half in about four or five hours. Such a rate of fall of activity corresponds roughly to total clearance rates from the blood of about 20 to 50 c.c. per minute, this being equally divided between thyroid and kidneys. No pronounced subsidiary peak has been observed in normal cases.
By precipitation of proteins from the plasma with trichloracetic acid the state of the active iodine in the plasma is being investigated. It appears that after a few hours the blood activity changes from non-protein-bound to protein-bound iodine, but that later there is a reappearance of non-proteinbound activity. This is probably associated with the breakdown of organic iodine products to inorganic iodide in the tissues.
We believe useful diagnostic information is given by measurements of total activity and of proteinhound activitv in the nlasmq_ REFERENCE WERNER, S. C., QUIMBY, E. H., and SCHMIDT, C. (1948) Radiology, 51, 564. Professor E. J. Wayne: The ihvestigations at Sheffield have been carried out in collaboration with Dr. J. F. Goodwin and Dr. H. Miller. We have attempted to assess the relative diagnostic value of thyroid uptake curves, urine excretion curves and estimations of blood activity. We have had difficulty in collecting all the urine passed during the period of observation, especially in the case of females and we do not think that studies based on urine excretion alone are always reliable. The most valuable single figure in our experience is the plasma clearance rate at two hours, but a complete study including observations on the shape of the build-up curve gives additional valuable information and is advisable in the present state of knowledge of thyroid function.
In studying the activity of blood we have found technical difficulties in separating the thyroxine, diiodotyrosine and inorganic iodine fractions by the butyl alcohol method of Taurog and Chaikoff (J. Biol. Chem. (1948) 176, 639) . The separation into protein-bound and non-protein-bound fractions by precipitation with trichloracetic acid is much simpler and since there is evidence that diiodotyrosine is rapidly broken down in plasma to form inorganic iodide (Leblond and Sue, Amer. J. Physiol. (1941), 134, 549) , it gives much the same information as the butyl alcohol separation.
Dr. Max Reiss: In the human we have found that thyrotrophic hormone increases the avidity of the thyroid for I'll and decreases the excretion rate. The different reactions of hypothyrotic patients to treatment with thyrotrophic hormone can be used for differentiation between primary (thyrogenous) and secondary (hypopituitary or cerebral) hypothyrotic cases.
Mr. J. E. Piercy (discussing Dr. Pochin's paper): Radio-active iodine can be valuable as a guide to the surgeon in addition t, its other uses. In cases of clinically apparent carcinoma of the thyroid, when both lobes are involved, it is desirable to remove all of the gland with the exception of a posterior strip on the less affected side-this being often difficult to decide-in order to ensure the safety of at least one recurrent larynigeal nerve.
At the New End Thyroid Clinic we recently gave a tracer dose of radio-active iodine to a patient with clinically apparent carcinoma of the thyroid. Dr. Pochin then ascertained by means of the Geiger Muler counter that although very little radio-active iodine was taken up by the gland, the left lobe contained five times as great a concentration as that of the right. The major part of the remaining normal thyroid tissue, therefore, was present on the left side.
At operation I removed all of the gland with the exception of a posterior strip on the left side. Dr. Pochin subsequently found by means of autoradiographs that the excised thyroid mass showed no uptake of radio-iodine. Faint areas of uptake were demonstrated locally, however, which corresponded to the incompletely destroyed thyroid tissue still remaining in the left side of the neck.
Information gained by means of the Geiger counter, therefore, enables us to remove without question the lobe which is most involved by growth and to leave behind the posterior margin of the less affected side.
Dr. George Ansell (Department of Medicine, Liverpool University): Working in collaboration with Dr. J. Rotblat of the Department of Physics, we first used 1131 for the diagnosis ofintrathoracic goitre in 1947 (G. Ansell and J. Rotblat (1948) Brit. J. Radiol., 21, [552] [553] [554] [555] [556] [557] [558] and have now examined 9 suspected cases. An intrathoracic goitre was demonstrated in 4 patients and the diagnosis was subsequently confirmed. In 2 others the mediastinal tumours failed to take up 1131 and later it was shown that these were not goitres. Two patients were suspected of having "deep" goitres. These were not operated on but the radio-active iodine results agreed with the clinical and radiological findings. Results in the remaining case were vitiated by the patient taking a cough mixture containing iodides. Dr. A. W. Spence: I was interested in Dr. Doniach's "rings and blobs". In the preparation of the :ections inorganic iodine is washed out and hence the radio-active iodine demonstrated is organically bound. According to Leblond radio-active iodine is found in the colloid soon after injection, that is, when most of the radio-activity of the gland is in the diiodotyrosine fraction and little in the thyroxine fraction. He has suggested that the formation of thyroxine from diiodotyrosine may to a large extent take place inside the colloid. I should be interested to learn whether there is agreement concerning this hypothesis.
The material presented at the Afternoon Session will be abstracted in the Jouirnal of Endocrinology. The programme was as follows: 
